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ABSTRACT 
Anthocyanins of Fresh and Stored Freeze-dried 
Sour Che r ries in Compres s ed Form 
by 
Suwan Potewi ra tananond, Master of Science 
Utah Sta t e Uni ver sity, 1975 
Major Professor: Dr. D. K. Salunkhe 
Thesis Director: Dr. J. Y. Do 
Department: Nutrition and Food Scien ces 
Anthocyanin pigm ents of s our cherry (Prunus cerasus L . , cultivar 
Montmorency) fruit wer e studied by spectrophotometry, paper and two-
dimensional thin layer chromatography and disc electrophoretic method. 
ix 
Mature and wholesome fresh sour cherries and freeze-dried compressed sour 
cherries stored at 70 F and 100 F for 6 months were used. 
A total of seven anthocyanin pigments were observed in both paper 
and thin layer chromatograms of the fresh and freeze-dried compressed 
samples stored for O month whereas the freeze-dried compressed samples 
stored at 70 F and 100 F for 6 months showed the retention of three to six 
pigments. All of those seven pigments were unstable and cyanidi n-3- (2G-
xylo sylru tinoside) was the least stable pigment. 
The separation of anthocyanina by disc gel electrophoresis was studied 
for the first time. Disc electropherograms of fresh and freeze-dried com-
pressed sour cherries stored at O month revealed the presence of eight bands 
x 
whereas the freeze-dried compressed sour cherries stored at 70 F and 100 F 
for 6 months showed the retention of three to four bands. In further study, 
this technique could be helpful for the separation of anthocyanins in other 
fruits. 
The study indicated that the fresh samples had anthocyanin content 
higher than those of the freeze-dried compressed samples stored at 70 F and 
100 F for 6 months and also showed that the degradation of anthocyanins is 
greater at the higher storage temperature with longer storage periods. 
(86 pages) 
INTRODUCTION 
The sour cherry, also called tart or pie cherry, is one of the major 
scale since the early 1900's. The four top sour cherry-producing states are 
Michigan, New York, Wisconsin, and Pennsylvania. In the western states, 
Utah is the top cherry-producing state, ranking fifth in the nation (United States 
Department of Agriculture, 1972). However, only one cultivar of sour cherries, 
Montmorency, is grown commercially in the state of Utah. 
The red color of sour cherries is attributed to the presence of several 
water-soluble anthocyanin pigments (Dekazos, 1970; Shrikhande and Francis, 
1973). Generally, anthocyanins are not very stable pigments and may change 
from red to undesirable brown-colored compounds. Some physical and chemical 
factors influence the degradation of the pigments while in the fresh tissue and/or 
during the processing and storage of the commodity. 
Recently, not only canning and freezing, but also freeze dehydration 
methods have been applied for the preservation of sour cherries. The increasing 
use of the freeze dehydration method in sour cherries is due to several advan-
tages of this method. Freeze dehydrated cherries retain better color, flavor, 
texture, and nutritive value than those preserved in other ways of drying. In 
addition, freeze dehydration can decrease or retard the rates of deteriorative 
biochemical, enzymatic, and microbiological reactions during subsequent 
storage. However, discoloration of the dehydrated fruits during subsequent 
storage under high temperature and high relative humidity may still occur. 
2 
Many studies related to the degradation of anthocyanin pigments have 
been reported. Representative of these are the studies of Pratt et al. (1954), 
Lukton et al. (1956), Grommeck and Markakis (1964), Goodman and Markakis 
(1965), Dekazos (1966), Daravingas and Cain (1968), and Erlandson and 
Wrolstad (1972). 
The aims of this study are: first, to study the stability of anthocynains 
of fresh, and freeze-dried compressed sour cherries; second, to study the 
effects of storage temperatures on the change of anthocyanins of freeze-dried 
compressed sour cherries. 
HO 
3 
REVIEW OF LITERATURE 
Anthocyanins of sour cherries 
The attractive red color of sour cherries is attributable to the prei:::ence 
of seven water-soluble anthocyanin pigments (Dekazos, 1970; Shrikhande and 
Francis, 1973). These pigments are polyphenolic flavylium salts derived 
cheifly from two aglycones (anthocyanidins); namely, cyanidin (I) and peonidin 
(II), by glycosidation of the hydroxyl group at position 3 (Jurd, 1972). The 
glycosidic grouping at posi tion 3 is of prime importance in stabilizing natural 
anthocyanins, sinc e the free anthocyanidin aglycones (I and II) formed by 
hydrolysis of this group rapidly decompose with irreversible loss of color in 
aqueous solutions. 
OH OMe 
OH HO 
(I) Cyanidin (II) Peonidin 
Li and Wagenkn ec ht (1956) identified cyanidin 3-rhamnosylglucoside 
and cyanidin 3-diglucoside (cyanidin 3-gentiobioside) as the only two pigments 
4 
in sour cherries. The first and second pigment structures are similar to 
cyanidin 3-rutinoside and cyanidin 3-sophoroside, respective ly (Harborne, 1963). 
Schaller and von Elbe (1968) reported that syanidin 3-monoglucoside (Cn-3G) is 
a third pigment of sour ch e rries present in small quantities. Dekazos (1970) 
indicated cyanidin 3-rhamnosylglucoside and cyanidin 3-diglucoside as cyanidin 
3-rutinoside and cyanidin 3-sophoroside. He found the major pigments of sour 
cherries, cultivar Montmorency, to be a branched triglycoside, cyani din 3-
glucosylrhamnosylglu coside (Cn-3G( ) and cyanidin 3-rutinoside (Cn-3 RG). 
G 
Also small amounts of peonidin (Pn), cyanidin (Cn), and cyanidin 3-sophoroside 
(Cn-3GG) were report e d . Shr ikh a nde and Francis (1973) noticed t he occurrence 
Xyl 
of cyanidin 3-xylosylrutinos i de (Cn-3o< ) as a minor pigment compo nent of 
R 
sour cherries, along with cy anidin 3 - glucoside, cyanidin 3-sophoroside, 
peonidin 3-rutinoside (Pn-3RG), isomer of cyanidin 3-glucoside, cyanidin 
3-rutinoside, and cyanidin 3-glucosylrutinoside. 1 
Degradation of anthocyanins 
Anthocyanins are not very stable pigments, both in solution and in the 
fresh tissues. T hey may be destroyed during the processing, such as the 
freeze-dehydrated process, and during ambient temperature storage of the 
commodity. 
Ma rkakis et al. (1957) suggested that a short-time-high-temperature 
treatment should result in better anthocyanin retention than a conventional heat 
1 
Notation: Cn = cyanidin; Pn =-peonidin; G = glucose; R = rhamnose; 
Xyl = xylose . 
5 
treatment. Lee and Salunkhe (1967) showed that the freeze-dehydration process 
minimized color change s and promoted retention of the original fruit structure. 
Srisangnam (1974) demonstrated that freeze-dehydrated sour cherrie s stored 
at 70 F mainta in ed better anthocyanins retention and had a slower rate of change 
than those sampl es stored at 100 F. The sulfited samples had a higher retention 
of anthocyanins than the control samples. 
The rate of anthocyanin degradation increases with increasing tempera-
ture. Gooding (1962) found that the storage life of the freeze-dehydrate d foods 
decreases with increa sing storage temperature: above 70 F, the decrease is 
very rapid. Keith and Powers (1965) studied the thermal decompositi on of 
anthocyanin compounds. They found that interactions among constituents of the 
food, heat and anthocyanin-content may markedly affect the stability of 
anthocyanins in food. Tinsley and Bockian (1960) repor ted on the study of the 
thermal degradation of anthocyanin pigments of strawberries . Later on, 
changes in the anthocyanin pigments of raspberries during processing and stor-
age were studied by Daravingas and Cain (1965). Three years later, they noted 
the influence of pH, oxygen and sugars on the thermal degrada ti on of anthocyanin 
pigments of black raspberries (Daravingas and Cain, 1968). Nebesky et al. 
(1969) similarly not iced oxygen and temperature as the most specific acceler-
ating agents in the degradation of the pigments in blueberry, cherry, currant, 
grape, raspberry and strawberry juice. Starr and Francis (1968) and Wrolstad 
et al. (1970) reported more studies of the deleterious reaction in cranberry 
juice and strawberries , respectively. 
6 
Pederson et al. (1947) and Beattie et al. (1943) suggested a possible 
interaction between anthocyanin and ascorbic acid in fruit juices and found 
parallel losses of the two compounds. Later, several other groups of investi-
gators made the same observation (Meschter, 1953; Sondheimer and Kertesz, 
1953; Pratt et al., 1954; and Markakis et al., 1957). 
Discoloration and browning of the freeze-dehydrated products during 
processing and storage are detrimental to the quality of the products. In the 
early study of anthocyanins, Sondheimer and Kertesz (1952) observed the 
oxidation of anthocyanins, both in pure solutions of the major strawberry antho-
cyanins and in strawberry juice by H2o2. Markakis et al. (1957) reported that 
anthocyanin pigments changed to brown color compounds by enzymatic and non-
enzymatic reactions. The rate of browning reaction related to the pH, moisture 
content, and temperature was reported by Potter (1968). Recently, Erlandson 
and Wrolstad (1972) demonstrated that ozygen has a great influence on the rate 
of browning but has little effect on anthocyanin degradation. 
Several workers (Huang , 1955; Van Buren et al., 1959; Sakamura et al., 
1965; Peng and Markakis, 1963; Grommeck and Markakis, 1964) have reported 
a few specific anthocyanin-destroying enzymes. Blanching and sulfiting pro-
cesses are employed to inhibit or inactivate the enzymes. Goodman and 
Markakis (1965) showed that 30 ppm so2 were required for a practically com-
plete inhibition of anthocyanin degradation by phenolase. They also reported 
that at a lower pH, a smaller so2 concentration was required. Roberts and 
7 
McWeeny (1972) suggested that the use of sulfur dioxide as a food additive may 
inhibit nonenzymatic and enzymatic browning. Siegel et a l. (1971) prevented 
the color loss ' of frozen sour cherries due to enzyme anthocyani n interactions 
with a blanching process. 
One of the important factors governing anthocyanin degradation is pH. 
Lower ing the pH of fruit products within acceptable limits would sta bilize the 
color of anthocyanins in the presence of oxygen (Meschter, 1953). Tinsley and 
Bockian (1960) showed the effect of pH on pelargonidin 3-glucoside. Adams 
(1972), on the other hand, showed that at a pH range of 2. 0 to 4 . 0, heat had little 
effect on the purified pigments of cyanidin 3-glucoside and cyanidin 3-rutinoside 
in a nitrogen atmosphere. In the same year, Jnrd (1972) described the stabil-
ity mechanism of anthocyanin pigments at low pH ranges. 
There has been little study about the effect of light which causes bleach-
ing of pigments. The observation was made by Van Buren et al, (1968) that the 
acylated methylated anthocyanin diglucoside exhibited the greatest stability 
against light in wines. 
Culpepper and Caldwell (1927) reported that the reaction of tin with 
anthocyanin pigment ed fru its in ca ns resulted in discoloration of anthocya nin s . 
Thus, enameled or lacquered cans are used in the ca nning of red, blue, or 
purpl e fruits and vegetables in order to prevent product discoloration as well 
as corrosion of the can. Asen et al. (1959) r eporte d that aluminum chloride 
will form red color complexes wit h cyanidin 3-glucoside at pH levels below 3 . 0 
and change to blue-violet when the pH is increased to 3. 5 or above. Similar 
8 
blue complexes are formed with ferrous and ferric salts. Jurd and Asen (1966) 
made further studies in complexes of cyanidin 3-glucoside. 
Paper chromatography of anthocyanins 
!-'aper chromatography (.PC) 1s an indispensable technique in the study 
of all kinds of plant pigments. 
Anthocyanins are more difficult to characterize by conventional methods 
than the related flavones, and the well-known color and distribution tests of 
Robinson and Robinson (1932) are limited in their scope. For these reasons, 
chromatographic methods are of especial importance for characterizing antho-
cyanins. The fact that unknown pigments can be quickly and economically 
identified on a microscale by the aid of the chromatographic techniques illus-
trates their value. 
The use of paper chromatography in the study of anthocyanins was 
successfully applied by Bate-Smith (1948). He showed that anthocyanins could 
be readily separated on filter paper developed with certain solvent systems 
and identified with available published Rf values for most of the anthocyanins 
that were known at that time. 
Since then, paper chromatography has been used in the purification 
and identification of individual pigments, especially the minor components, in 
complex mixtures of flavonoid compounds, in the anthocyanins and in many 
other plant extracts, such as those found in cherry, blueberry (Lynn and Luh, 
1964; Francis et al., 1966) and many other plant extracts. As a result of these 
9 
and other investigations (Daravingas and Cain, 1966; Harborne, 1958, 1967) the 
Rf values of the main classes of anthocyanins became available. 
Thin layer chromatography 
of anthocyanins 
Thin layer chromatography (TLC) in general is the simplest, fastest 
and most widely applicable technique among the various chromatographic tech-
niques. 
In the past decade, TLC has been increasingly used to separate antho-
cyanins on various adsorbents. Somers (1966) not only used paper chromatog-
raphy but also cellulose TLC in separating the anthocyanins of Vitis vinifera , 
variety Shiraz. Asen (1965) used a mixture of silica gel and cellulose as an 
adsorbent to separate anthocyanins on a preparative scale. Morton (1967) and 
Conradie and Neethling (1968) used silica gel TLC for resolving anthocy anins of 
black currant and Vitis vinifera, respectively. Wrolstad and Heatherbell (1968) 
used paper chromatography as well as TLC for the study of anthocyanins of 
rhubarb (Rheum rhaponticum, Canada Red). 
Wolfrom et al. (1965) found that a microcrystalline cellulose was very 
useful for the TLC of water soluble substances such as free sugars, glycosides, 
methyl ethers, hydroxy acids, lactones, amino sugars, and amino acids. They 
also found that the microcrystalline cellulose in general gave more effective 
separations than did the silica gel. Microcrystalline cellulose (Avicel) proved 
to be a suitable adsorbent for two-dimensional TLC of both anthocyanins and 
anthocyanidins. Nybom (1968) outlined a simplified two-dimensional TLC 
10 
procedure for the identification of fruit anthocyanins. He used Merck micro-
crystalline cellulose TLC to confirm the presence of four black raspberry 
anthocyanins which have been found by Harborne and Hall (1964) using paper 
chromatography; namely, the cyanidin 3-glucoside, cyanidin 3-rutinoside, 
cyanidin 3-sambubioside and cyanidin 3-xylosylrutinoside. Barritt and Torre 
(1973) used two-dimensional TLC for separating Rhubus fruit anthocyanins as 
did Mullick (1969) for anthocyanidins. 
Electrophoresis 
Electrophoresis refe r s to a method for the separation of ionic com-
ponents under the influence of an electric field. Application has been found in 
all areas of niedicinal, biological, and food chemistry. 
Although some early experiments were carried out on electrophoresis, 
they went unnoticed until 1937 when Tiselius reported protein separation by 
means of moving boundary electrophoresis. Konig (1937) used filter paper as a 
support when fractionating the poison of the snake Bothrops jararaca by means 
of electrophoresis. He was probably the first to use paper electrophoresis. 
This paper electrophoretic method for the separation of protein seems to have 
been forgotten until this technique was revived in 1950. This resulted in a large 
number of articles on the method, mainly reporting the separation of human 
serum proteins (i.e., Durrum, 1950; Turba and Enenkel, 1950). Paper 
electrophoresis still is very much used in clinical chemistry, as this method 
can provide useful information in a short time. According to Block et al. (1958), 
90 percent of almost 2000 articles on protein separation reported the use of 
filter paper as a supporting medium. 
11 
Since 1950, research progresses have resulted in many improvements 
of the paper electrophoretic technique and also in the finding of new supporting 
materials with a higher fractionating power. 
A starch gel electrophoresis with high resolving power for the separa-
tion of proteins was introduced by Smithies (1955). In 1963, Bloemendal sug-
gested that the gel probably acts as a molecular sieve, with small molecules 
penetrating the swollen gel grains more easily than particles of large size. 
But the separation should be performed under low temperature. The gels are 
not transparent and cannot be stored, but they can be photographed. 
Gordon et al. (1949) were the first to describe agar gel ectrophoresis 
for the separation of proteins. The method has become very useful since it was 
thoroughly modified by Wieme (1965). This separation can be carried out at 
rather high temperatures, but a low temperature is preferred. 
Another new support medium is polyacrylamide gel, introduced by 
Ornstein and Davis (1959). It was a high resolving power, is transparent and 
can be used at room temperature. When performed in small columns, it is 
called disc electrophoresis. This method is more a qualitative than a quantita-
tive one. 
The use of different electrophoretical separation techniques has con-
siderably enhanced the possibilities of studying the composition of foods. 
Starch gel electrophoresis for the separation of proteins was developed in 1955. 
This technique is widely used for the separation of cereal proteins (Elton and 
Ewart, 1963, 1964, 1966). 
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Paper and agar gel electrophoresis were used as methods of identifying 
potato varieties by Zwartz (1967). Markakis (1960) applied paper electrophoresis 
for the study of the pigments of Montmorency cherries and confirmed the cationic 
nature of anthocyanins. Von Elbe et al. (1969) used paper electrophoresis to 
establish the identity of anthocyanin pigments in eight varieties of sour cherries. 
Cansfield and Francis (1970) used paper electrophoresis to separate antho-
cyanins from cranberry phenolic substances. Do et al. (1971) suggested that 
disc electrophoresis could be a powerful tool for the study of pectic substances 
and of the nature of enzymic and nonenzymic pectin degradation. 
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MATERIALS AND METHODS 
Mature, fresh and wholesome sour cherries (Prunus cerasus L., var. 
Montmorency) were mechanically harvested from a commercial orchard of 
Payson Fruit Growers in Payson, Utah. The cherries were immediately trans-
ported to the processing plant in water tanks where they were soaked in 52 F 
water for 4-8 hours. They were sorted, stemmed, washed, and pitted by 
following the commercial practice. Pitted cherries were quick-frozen in a 
blast of cold air at -25 F for 4 hours and then stored in polyethylene bags at 
-15 F until needed for the evaluation of anthocyanins. 
Freeze-dehydration 
Frozen cherries were freeze-dried in a freeze drying unit (Hull 
Corporation Model 651-F5, Hatboro, Pennsylvania) under chamber pressure 
of not more than 3 mm Hg at 140 F for 15 hours. Teng of fresh sour cherries 
yielded 1. 72 g of freeze-dehydrated sour cherries. Freeze-dehydrated products 
were conditioned by spraying with a 0. 1 percent sodium bisulfite solution. The 
sprayed cherries were subjected to 200 F of dry heat (an infrared lamp) for 1 
minute to make them become thermoplastic, and then compressed into a mold 
by app lying a pressure of 400 pounds per square inch for 10 seconds to form a 
disc of 3 1/4 inches in diameter and 1/2 inch thickness (Srisangnam, 1974). 
The cherry discs were packed in number 2 1/2 size tin cans with 
packages of desiccant (calcium oxide) and sealed under a vacuum of 20 inches Hg 
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and stored at 70 and 100 F for O, 2, 4, and 6 months, and then were removed 
for anthocyanins evaluation studie s . 
Authentic pigment 
Cyanictin aglycone was purchased from Calbiochem, La Jolla, 
California. 
Extraction of anthocyanins 
Pigments wer e ext ra cted from fresh and freeze-dried compressed 
sour cherries. A modification of the extraction procedures of Wrolstad and 
Putnam (1969) and Wrolstad et al (1970), were used. 
Ten grams of fresh (or 1. 72 g of freeze-dried compressed) sour 
cherries homogenate (Waring Blender with powerstat at setting 100 for 1 min-
ute) were extracted three times with 50 ml portions of absolute methanol. The 
extract was filtered through two layers of Whatman No. 1 filter paper on a 
Buchner funnel and dilut ed one fold with distilled water. 
A water slurry of purified polyvinylpolypyrrolidone (PVPP) (Sigma 
Chemical Co. , St. Louis, Mo. ) was poured into a Buchner funnel containing 
two layers of Whatman No. 1 filter paper. Suction was applied until no surface 
water was visible on the PVPP. This layer was about half an inch thick. The 
anthocyanin extract was poured on the damp PVPP layer. The PVPP antho-
cyanin adsorbate was washed three times with 50 ml portions of distilled water 
(to remove the sugars) and followed by 50 ml of methanol (to displace excess 
water). The colored PVPP anthocyanin adsorbate layer was scraped off and 
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extracted with O. 1 percent methanolic HCl. The extract was filtered through 
Whatman No. 1 filte r paper and concentrated to dryness in a flash-evaporator 
(Buchler Instruments, Fort Lee, N. J . ) at 104 F (Figure 1), and taken up again 
with 1 percent methanolic HCl. 
Determination of anthocyanins 
Each of the above sample soluti ons was diluted with 1 percent methanolic 
HCl to give the same volume (1,000 ml) for the absorption determinations. The 
absorption spectra of these pigment extracts were measured in the range of 
230-630 nm with a Beckman DB- G sp ec trophotometer at slit width 0. 05 mm, 
using a 1 cm cuvette, agains t a blank solution of 1 percent methanolic HCl. 
The results were recorded by a Beckman Linear-Log Ten-Inch Potentiometric 
Recorder. 
The maximum absorption peak of these extracts in the visible region of 
the spectrum was 530 nm ( l. = 530 nm). Calculations of anthocyanin content 
'fnax 
were based on the molar-extinction coefficient for Idaein, cyanidin-3-galactoside 
4 (C12H210 11. 2. 5H20) at 530 nm (E = 3. 4 x 10 ), in 1 percent methanolic HCl 
(Siegelman and Hendricks, 1958). 
Paper chromatography of anthocyanins 
Whatman No. 3 filter paper was used for separation of pigments and 
Whatman No. 1 filter paper for determining Rf values. Descending chromatog-
raphy was used in all cases. All runs were performed in the dark at 70 ±_ 1 F. 
The following solvents were used: 
E 
Figure 1. Schematic diagram of flash-evaporator system. 
A. the r moregulator 
I'. water bath 
C. rotating flask 
D. motor for rot ating flask 
E. vapor trap 
F. condenser 
G. stopcock 
H. vacuum pump 
I. stopcock 
J. condensate flask 
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1. BAW n-butanol: glacial acetic acid: H20 (4:1:5) 
2. BFW n-butanol: formic acid: H20 (100:25:60) 
3. 1 percent HCl concentrated HCl: H20 (3:97) 
4. HOAc-HCl H9 0: glacial acetic acid: HCl (82:15:3) ,._ 
5. 15 percent HOAc H20: glacial acetic acid (85: 15) 
The concentrated extracts of anthocyanins of fresh sour cherries were 
streaked on 10 sheets of Whatman No. 3 filter paper and developed in BFW 
solvent until the fastest moving band reached the end of the paper. The sepa-
rated bands were cut, eluted with MAW (methanol, glacial acetic acid, H20; 
90:5:5), concentrated, reapplied on Whatman No. 3 filter paper and developed 
in a 1 percent HCI sol vent system. The solvent systems BAW and 15 percent 
HOAc were used for further purification of the individual anthocyanins 
(Shrikhande and Francis, 1973). 
The concentrated purified pigments were applied as small dots on 
Whatman No. 1 filter paper and developed in the 1 percent HCl, HOAc-HCl, 
15 percent HOAc and BAW systems. The average Rf value of each pigment 
from three or more papers was reported. 
Thin layer chromatography of anthocyanins 
The concentrated partially purified pigments present in the O. 1 percent 
methanolic HCl extract used in the total anthocyanin assay were subjected to 
thin layer chromatography (TLC) on 20 x 20 cm precoated microcrystalline 
cellulose glass plates, thickness O. 1 mm (Brinkmann Instruments, Inc., 
Westbury, N. Y. ). The plates were developed in two directions, using the 
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solvent systems of Nybom (1968) . The solvent system for the first direction 
was n-butanol, concentrated HCl, water (5:2:1), and for the second direction, 
water, concentrated HCl, formic acid (8:4:1). 
One microliter (0. 001 ml) of the concentrated extract of fresh and 
freeze-dried compressed sour cherries was spotted 2 cm from the bottom edge 
of the plate. All plates were allowed to develop to a height of 18 cm from the 
bottom edge. Tanks containing solvents were equilibrated before the introduction 
of the plates. Ascending chromatography was used in all cases. All runs were 
performed at room temperature (70 ::!.:_ 1 F) in the dark. The Rf values were 
measured to the density center of the separated spots. The average Rf value 
of each pigment from four thin layers was reported. The thin layer chromato-
grams were examined for fluorescence under long-wave ultraviolet light. 
Spectral data 
The absorption spectra of the pigments from paper and thin layer 
chromatograms were measured in the range of 230-630 nm with a Beckman 
DB-G spectrophotometer at slit width of O. 05_ mm, using a 1 cm cuvette, against 
a blank solution of the same solvent. The A1Cl3 shift was determined by dis-
solving the purified pigment in O. 01 percent methanolic HCl and adding three 
drops of 5 percent ethanolic AlC13 solution to 3 ml of the sample (Harborne, 
1958). 
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Disc gel electrophoresis of anthocyanins 
Disc electrophoresis was carried out in polyacrylamide gel columns in 
pyrex glass tubes 75 mm long with a 4 mm ID. The gel columns were prepared 
according to the procedure of Davis (1964) in the gel polymerization rack. Gel 
columns were prepared with the following stock and working solutions (Nagai 
et al., 1964), with modification (Shaw, 1969). A diagram of disc electrophoretic 
apparatus is shown in Figure 2. 
Stock solution A: 
1 NKOH 
Glacial acetic acid 
N, N, N', N'-tetrainethylenediamine (TEMED) 
H20 to make 
Stock solution B: 
Acrylamide 
N-N'-methylenebisacrylamide (BIS) 
H
2
0 to make 
Stock solution C: 
48. 00 ml 
22. 40 ml 
O. 46 ml 
100 ml 
20. 0 g 
0. 8 g 
100 ml 
Freshly prepared O. 15 percent ammonium persulfate solution. 
Stock solutions A and B were filtered and stored in brown bottles in a 
refrigerator. The shelf life of these solutions was up to several months. 
Working solution: 
Mix two volume A and two volume B with four volume C. 
A = buffer reservoir 
B = pump 
C = water container 
D = stirrer 
E = refrigerator 
F = powerstat 
G = power supply F 
.,. 
I 
Figure 2. Diagramatic illustration of disc electrophoretic apparatus. 
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Buffer solution: The following boric acid borax buffer of pH 9. 3 was 
prepared according to the procedure of Colowick and Kaplan (1955): 
0. 2 M Boric acid 
0. 2 M Sodium borate (or O. 05 M Borax) 
H
2
o t o make 
50 ml 
115 ml 
200 ml 
Thirty microliters (0. 03 ml) of the sample were applied on the gel 
surface by a microsyringe. Electrophoresis was performed with the column 
in a vertical position on an apparatus with a capacity of 12 tubes. The upper 
end of each tube was attached to the upper buff er reservoir and the lower end 
was submerged in the lower buffer reservoir. The electrodes were placed in 
each reservoir, with the upper electrode connected to the cathode and the 
lower electrode connected to the anode. A DC current of 1 ma per tube for 
15 minutes, followed by 2 ma per tube for 18 hours, was applied so that the 
sample ions migrated into the gel. 
After completion of the electrophoretic run, the gels were photographed 
and used for the evaluation of density of the separating bands of anthocyanin 
pigments by an E-C910 densitometer (E-C Apparatus Corp., St. Petersburg, 
Fla.). 
Statistical analysis 
Statistical analysis of the data obtained in this study was carried out 
by using analysis of variance, least significant differences, standard deviation, 
and coefficient of variation wherever applicable. 
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RESULTS AND DISCUSSION 
Quantitative estimation of anthocyanins 
The total anthocyanin content of fresh and freeze-dried compressed 
sour cherries was estimated by measuring the optical density of the anthocyanin 
extract at 530 run, and then calculated in absolute quantities with the aid of the 
molar extinction coefficient of Idaein (Siegelman and Hendricks, 1968) (Table 1). 
Pitted fresh cherries contained 13. 20 mg of anthocyanin pigments per 
100 g of the whole fruit. 
There were significant differences in the anthocyanin contents of the 
fresh and freeze-dried compressed samples at different times and temperatures, 
as shown in Table 1. The percent loss of anthocyanins in freeze-dried com-
pressed samples increased as the temperature and storage time increased. 
However, samples obtained from 70 F storage showed less degradation of antho-
cyanin contents than samples stored at 100 F. 
The progressive deterioration of anthocyanins in freeze-dried com-
pressed sour cherries after storage at 70 F and 100 F for 6 months was illus-
trated in Figure 3. At 100 F, much greater changes of color, becoming reddish 
brown, were observed than changes at 70 F for the same storage durations. 
The sensory evaluation indicated that the rehydrated freeze-dried sour cherries 
stored at 70 F were acceptable for appearance after 6 months storage whereas 
the samples stored at 100 F received lower scores than acceptable after 2 months 
Table 1. Anthocyanin contents of fresh and freeze-dried compressed sour cherries after storar,e at 70 F and 100 F 
for 6 months, calculated as Idaein 
Storage time Anthocyanin ~ontentsa 
Sour cherries (months) (mg per 100 g sample) Loss oJ anthocyanin (%) 
Fresh 0 13. 20Ab 0 
Freeze-dried 0 9. 36B 29.09 
compressed, 2 6. 72C 49.09 
70 F storage 4 5. 76D 56.37 
6 5. 04E 61. 82 
Freeze-dried 0 9.36B 29.09 
compressed, 2 4. 32F 67.28 
100 F storage 4 2.26G 82.88 
6 1. lOH 91. 68 
aMean value of five determinations. Analysis of variance and least significant differences are ualculated and 
shown in Tables 8 and 9 in Appendix. 
bValues bearing different letter are significantly different. 
N) 
e,.., 
Figure 3. Freeze-dried compressed sour cherries after different storage durations and temperatures. 
(A = ~t 7() l,' . ~ - ~._ 11)1) V, 1 - 0 = <>n.+h , 0 0 1u~nblo,:,, 0 -± ouvuUu:, 1 -± - 0 lHUHLU::S.) 
N) 
~ 
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storage (Srisangnam, 1974). Van Arsdel (1964) reported that higher tempera-
ture and longer storage times increase the rate of browning. 
Figures 4, 5 and 6 showed two maxima, 530 and 298 nm, in the adsorp-
tion spectra of the anthocyanin pigment extracts of fresh and freeze-dried com-
pressed sour cherries. 
The absorption spectra of freeze-dried compressed sour cherries stored 
at 70 F (Figure 5) was similar to that of fresh sour cherries (Figure 4) except 
that the magnitude of optical density was less than that of the fresh samples, 
whereas the absorption spectrum of anthocyanin extract of the 100 F sample 
showed a greater decrease of optical density as the storage time increased 
(Figure 6). 
Both freeze-dried compressed samples on subsequent storage at two 
temperatures, 70 F and 100 F, showed a decrease in anthocyanin contents as 
the storage times increased (Figure 7). However, the degree of retention of 
anthocyanins was significantly different between the two storage temperatures. 
The anthocyanin contents of the samples stored at 70 F gradually 
decreased until 4 months' storage and then became nearly constant. The same 
samples stored at 100 F showed a greater rate of decrease of the anthocyanin 
contents throughout the storage period. 
A primary indication of degradation of anthocyanin is the change in 
color of the fruit. As Dalal (1964) has indicated, color change involves the 
decrease in anthocyanin pigments and an increase in the product of browning 
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reaction. Decareau et al. (1956) and Adams (1973) reported that the degrada-
tion of anthocyanin increased as the temperature increased. 
Paper chromatography of anthocyanins 
Thfl pa;.-tiall y pu. .i.fieu pigments by poiyvinylpolypyrrolidone were 
separated by descending paper chromatography with a solvent system, BFW. 
This yielded chromatograms with four bands. The bands were numbered 
according to the distance they have traveled from the origin, i.e., the farthest 
being designated as No. 1, and the closest designated with the highest number. 
Clear separation of each band of No. 2, 3 and 4 into two bands could be 
accomplished in 1 percent HCl. The separated anthocyanins were further 
purified by redeveloping the chromatograms in a BAW solvent system and then 
in a 15 percent HOAc solvent system. These steps should be carried out with-
out delay, since solution of anthocyanins tend to fade on exposure to light. 
Anthocyanin bands can be eluted from the paper with acid methanol in a very 
short time (2 hours), especially if they are cut from chromatograms which are 
only just dry. However, chromatograms which have been left for several weeks 
cannot be completely recovered by elution, due to some irreversible adsorption 
having taken place. 
The purified pigments were chromatographed on Whatman No. 1 filter 
paper. The Rf values of individual anthocyanin pigments obtained from develop-
ments in four different solvent systems, BAW, 1 percent HCl, HOAc-HCl and 
15 percent HOAc, are shown in Table 2. The appearance of chromatograms 
were examined under visible and long-wave ultraviolet light. 
Table 2. Rf values of sour cherry anthocyanins from paper chromatography 
Rf values (xlOO) 
a 
Solvent s;y:stems A22earance 
Pigment Identification BAW 1% HCl HOAc-HCl 15% HOAC Visible UV 
(4b) A Isomer of B 39b (40) c 5 (5. 5) 26 (26) 36 (39) Light pink Dull magenta 
(3b) B Cn-3G 39 (39) 5 (4. 5) 24 (25) 35 (37) Light pink Dull magenta 
(3a) C Cn-3RG 34 (31) 16 (14) 41 (43) 60 (58) Dark pink Dull magenta 
(4a) D Pn-3RG 35 (33) 19 (16) 48 (49) 65 (63) Light pink Dull magenta 
(2b) E Cn-3GG 32 (29) 34 (34) 61 (60) 70 (71) Light pink Dull magenta 
(2a) F Cn-3 a(yl 27 (26) 48 (49) 69 (71) 74 (76) Light pink Dull magenta 
R 
G 
(1) G Cn-3C\ 26 (24) 60 (61) 73 (75) 77 (79) Dark pink Dull magenta 
R 
aNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, Xyl = xylose. 
bMean value of four determinations. Standard deviation and coefficient of variation are calculated and shown in 
Table 13 in Appendix. 
cReported by Shrikhande and Francis (1973). 
w 
t-' 
The anthocyanin pigments separated on the paper chromatogram 
showed light to dark pink color under visible light but showed a dull magenta 
color under ultraviolet light (Table 2). 
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The R data indicated that pigment 1 is cyanidin-3-(2G-glucosylru-
tinoside), pigment 2a is cyanidin-3-(2G-xylosylrutinoside), pigment 2b is 
cyanidin-3-sophoroside, pigment 3a and 4a are the 3-rutinosides of cyanidin 
and peonidin and 3b and 4b are both cyanidin-3-glucoside. The Rf values of all 
pigments were found to be in agreement with those reported by Harborne (1967) 
and Shrikhande and Francis (1973). 
Spectral propertie~ 
The ratio of optical density at 440 to optical density at the maximum is 
useful for distinguishing anthocyanins substituted at the 3- and 3-, 5-positions 
(Harborne, 1958). The spectral data for OD 440 /0Dmax (Table 3) indicated that 
all seven pigments had the 5-position free and the 3-position blocked by sugars. 
Addition of AlCI3 to the sample caused a positive shift in the maximum 
absorption peak of pigments A, B, C, E, F and G, but a negative shift was 
observed when the same reagent was added to pigment D. A positive shift sug-
gested cyanidin as the aglycone whereas a negative shift suggested peonidin as 
the aglycone (Table 3). The results obtained in the study concurred with the 
values obtained by Harborne (1967) and Shrikhande and Francis (1973). 
Table 3. Spectral data of sour cherry anthocyanins in 0. 01 percent 
methanolic HCl 
OD 440/0Dmax 
Pigments a A. (nm) max (as%) A1Cl3 shift 
Al Isomer of B 528b (528)c 32b (35) + (+) 
B Cn-3G 529 (528) 32 (35) + (+) 
c Cn-3RG 525 (525) 23 (20) + (+) 
D Pn-3RG 524 (524) 26 (26) (-) 
E Cn-3GG 526 (523) 28 (32) + (+) 
F 
(yl 
Cn-3G 525 (525) 27 (27) + (+) 
R 
G 
G Cn-3G< 523 (523) 29 (31) + (+) 
R 
a 
Notation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamose, 
Xyl = xylose. 
bMean value of three determinations. Standard deviation and coefficient of 
variation are calculated and shown in Table 14 in Appendix. 
cReported by Shrikhande and Francis (1973). 
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Thin-layer chromatography of anthocyanins 
The results of the two-dimensional thin-layer chromatography and the 
chemical composition of the anthocyanins in this study and the Rf data are shown 
in Figures 8-15 and summarized in Tables 4, 5 and 6. The same amount of 
each sample was us ed for application on the thin layer chromatography. 
Two-dimensional thin layer chromatography of the anthocyanin extract 
of fresh sour cherries, with BHCl W and WHClF as developing solvents 
(Nybom, 1968), yielded seven distinct spots (Figure 8). The Rf values of the 
anthocyanins reported in Table 4 agreed with those observed by Nybom (1968). 
According to the Rf values, pigment B is cyanidin-3-glucoside, pigment C is 
cyanidin-3-rutinoside, pigment Eis cyanidin-3-sophoroside, pigment F is 
cyanidin-3 -(2G-xylosylrutinoside) and pigment G is cyanidin-3-(2G-glucosylrutin o-
side). Pigments A and D were eluted with 0.01 percent methanolic HCl, filtered 
and concentrated in a flash-evaporator, Pigment A was cochromatographed 
with a known anthocyanidin. The Rf values and the spectral properties sug-
gested that pigment A was a cyanidin (Table 4). Pigment D was determined for 
spectral properties and Rf values by Whatman No. 1 filter paper, which 
developed in BAW, 1 percent HCl, HOAc- HCl and 15 percent HOAc solvent 
syRtems. The Rf values (Table 2) and the spectral properties (Table 4) indi-
cated that pigment D was peonidin-3-rutinoside. 
In the thin layer chromatograms, each pigment spot was scraped off 
and eluted with 1 percent methanolic HCl. The amount of each pigment was 
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.9 " A. Cyanidin 
B. Cyanidin-3-glucoside 
C. Cyanidin-3-rutinoside 
.8 . D. Peonidin-3-rutinoside 
E. Cyanidin-3-sophoroside 
F. Cyanidin-3-(2G-xylosylrutinoside) 
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Figure 8. A tracing of a two - dimensional thin layer chromatogram showing 
the separation of the extract of fresh sour cherries. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20 : CID: Formic acid = 8:4:1 
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Figure 9. A two-dimensional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries for O month storage. 
1. BHClW == n-butanol: HCl: H20 == 5:2:1 2. WHClF == H20: HCl: Formic acid == 8:4:1 
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Figure 10. A two-dimensional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries stored at 70 F for 2 
months. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20: HCl: Formic acid = 8:4:1 
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E. Cyanidin-3-sophoroside 
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Figure 11. A two-dimensional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries stored at 70 F for 
4 months. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20: HCl: Form i c acid = 8:4:1 
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Figure 12. A two-dimensional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries stored at 70 F for 
6 months. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20: HCl: Formic acid = 8:4:1 
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Figure 13. A two-dimensional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries stored at 100 F for 
2 months. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20: HCl: Formic acid = 8:4:1 
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Figure 14. A two-dimens ional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries stored at 100 F for 
4 months. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20: HCl: Formic acid = 8:4:1 
41 
1.0 
.9 i- A. Cyanidin 
B. Cyanidin-3-glucoside 
E. Cyanidin-3-sophoroside 
.8 i-
.7 .. 
. 6 ~ 
.5 A 
.3 .. 
B E 
.2 '" D 
t 
I . . l .1 .2 • . . . • • .3 .4 .5 .6 .7 .8 .9 
---WHCIF 
2 
Figure 15. A two-dimensional thin layer chromatogram of the extract of 
freeze-dried compressed sour cherries stored at 100 F for 
6 months. 
1. BHClW = n-butanol: HCl: H20 = 5:2:1 2. WHClF = H20: HCl: Formic acid = 8:4:1 
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Table 4. Rf and spectral data of anthocyanins of fresh sour cherries 
b §I?_ectral Data a Rf values (xlOO) 
>-. 
OD440 /0Dmax A1C13 .A]m_ea rance 
Pigmentsc 
A Cn 
B Cn-3G 
C Cn-3RG 
D Pn-3RG 
E Cn-300 
Xyl 
F Cn-3G( 
R 
G 
G Cn-3G\ 
Authentic pigment 
Cyanidin 
BHClW WHClF 
50(-/ 4(-/ 
26(26) 13(11) 
39(38) 31(29) 
42(-) 37 (-) 
39(39) 61(60) 
44(46) 75(74) 
49(47) 83 (82) 
52(-) 3 (-) 
max (nm) (as %) shift Visible UV 
535 20 + Light pink Weak fluorescence 
+ Light pink Dull magenta 
+ Dark pink Dull magenta 
524 26 Light pink Dull magenta 
+ Light pink Dull magenta 
+ Light pink Dull magenta 
+ Dark pink Dull magenta 
535 20 + Light pink Weak fluorescence 
a Two-dimensional thin layer chromatography. Mean value of four determinations. Standard deviation and 
coefficient of variation are calculated and shown in Table 15 in Appendix. 
ho. 01 percent methanolic HCl. cNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, 
dReported by Nybom (1968). Xyl = xylose. 
.;::. 
i:.:i 
Table 5. Chemical composition of sour cherry anthocyanins referred to in Figures 8 to 15 
Reference 
letter Anthocyanins 
A Cyanidin 
B Cyanidin-3-glucoside 
c Cyanidin-3-rutinoside 
D Peonidin-3 -rutinoside 
E Cyanidin-3-sophoroside 
F Cyanidin-3-(2G-xylosylrutinoside) 
G Cyanidin-3-(2G-glucosylrutinoside) 
~DSC= Freeze-dried compressed sour cherries. 
bp = pink. 
cDP = dark pink. 
dLP = light pink. 
eVLP = very light pink. 
Fresh 
sour 
cherries 
Pb 
p 
DPc 
LPd 
p 
LP 
DP 
Color of the spot 
FDsca FDSC 2 70 F storage 
0 2 4 6 
month (months) 
p p p p 
p p p p 
p LP LP VLP 
LP VLP 
LP LP LP LP 
VLPe 
p LP LP 
FDSC 2 100 F storage 
2 4 6 
(months) 
p LP LP 
p LP LP 
VLP -
LP VLP VLP 
Table 6. Rf values of anthocyanins of freeze-dried compressed sour cherries separated on two - dimensional thin 
layer chromatography 
Rf (XlOO)b 
70 F storage 100 F storage 
BHClW WHClF BHClW WHClF 
0 2 4 6 0 2 4 6 2 4 6 2 4 6 
Pigments a (months) (months) (months) (months) 
A Cn 50 52 53 54 3 2 4 3 52 52 52 3 3 3 
B Cn-3G 24 26 27 27 12 12 12 11 23 27 24 12 12 12 
C Cn-3RG 33 34 33 32 29 27 26 26 32 -- -- 26 
D Pn-3RG 35 36 -- -- 34 32 
E Cn-3GG 35 36 38 31 59 60 62 59 37 36 27 61 61 60 
(I F Cn-3G 40 -- -- -- 74 
G 
G Cn-3a( . 41 46 44 -- 83 82 83 
R 
aNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, Xyl = xylose. 
bMean value of four determinations. standard deviation and coefficient of variation are calculat ed and shown in 
Tables 16 to 18 in Appendix. ~ i:.n 
estimated by measurement of optical density at 530 nm and calculated in 
absolute quantities with the aid of molar extinction coefficient of Idaein. 
The quantitation of various pigments of fresh and freeze-dried com-
pressed sour cherries stored at 70 F and 100 F for 6 months are shown in 
Table 7. The results indicated that samples stored at different times and 
temperatures had significant differences in the amount of each pigment. 
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The anthocyanin extract of freeze-dried compressed sour cherries 
stored for O month was separated into seven components on the thin layer 
chromatogram (Figure 9). The amount of each anthocyanin pigment in the 
freeze-dried compressed sample was less than that of corresponding pigments 
in the fresh sample (Table 7). 
An examination of the thin layer chromatogram of the extract of freeze-
dried compressed samples stored at 70 F for 2 months indicated the presence 
of six pigment spots (Figure 10). No pigment F was found in the sample after 
2 months at 70 F probably it has all decomposed by this time. Increases in the 
amount of pigment B may have come from the partial degradation of pigments 
F and G which could yield the pigment B. Similarly, the increase of pigment E 
may be due to the partial degradation product of pigment G. 
Five pigments were found in the thin layer chromatogram of the extract 
of freeze-dried compressed samples stored at 70 F for 4 months (Figure 11). 
Pigments D and F had disappeared at this time. The quantities of pigments C, 
E and G showed decreases whereas increases on pigments A and B when com-
pared to those in samples after 2 months storage (Table 7). The increase of 
Table 7. The quantitative variation of each anthocyanin (calculated as Idaein) in freeze-dried compressed sour 
cherries after storage 
storage 
time 
Sour cherries (months) 
Fresh 0 
Freeze-dried 0 
compressed, 2 
70 F storage 4 
6 
Freeze-dried 0 
compressed, 2 
100 F storage 4 
6 
b LSD : at 0. 05 level 
at 0. 01 level 
c LSD : at O. 05 level 
at O. 01 level 
aA "din = cyam 
B = cyanidin-3-glucoside 
C = cyanidin-3-rutinoside 
D = peonidin-3-rutinoside 
Aa 
2.65 
1. 89 
1. 43 
1. 50 
2.62 
1. 89 
2.14 
1. 47 
0.60 
0.04 
0.05 
0.03 
0.04 
B 
1. 23 
0.65 
0.79 
1. 86 
1.14 
0.65 
o. 76 
0.40 
0.25 
0.08 
0.11 
0.08 
0.12 
Pigments (mg per 100 g of sample) 
c 
3.23 
2.83 
1. 67 
0.37 
0.26 
2. 83 
0.61 
0.03 
0.04 
D 
0.97 
0.68 
0.39 
0.97 
0.03 
0.04 
E 
1. 31 
0.74 
1. 21 
1.19 
1. 02 
0.74 
0.80 
0.39 
0.25 
0.02 
0.05 
0.03 
0.04 
E = cyanidin-3-sophoroside 
1. 18 
0.39 
0. 39 
0.03 
0.04 
F = cyanidin-3-(2G-xylosylrutinoside 
G = cyanidin-3-(2G-glucosylrutinosid e ) 
bLSD for freeze-dried compressed sour cherries stored at 70 F and 100 F for 6 months. 
cLSD for fresh and freeze-dried compressed sour cherries O month storage. 
G 
2.63 
2.10 
1. 23 
0.84 
2.10 
0.03 
0.04 
,+>,. 
-:i 
pigment A could be due to the partial degradation of pigments C, E, F and G, 
all of which may give rise to pigment A. 
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There were four pigments separated on the thin layer chromatogram of 
the extract of freeze-dried compressed samples stored at 70 F for 6 months 
(Figure 12). Pigments D, F and G were not present in the sample at this time. 
The quantities of B, C and E were less than those in sample of 4 months at 70 F. 
However, the content of pigment A was higher than the same pigment found in 
70 F sample stored for 4 months (Table 7). 
The number of pigments found on the thin layer chromatogram of the 
extract of freeze-dried compressed samples at 100 F for 2 months was four 
(Figure 13). Pigments D, F and G had disappeared and the amount of pigment C 
was less than that of the corresponding sample of 70 F (Figure 10). Increases 
in pigments A, Band E as compared to those in O month sample were noticed 
at 2 months storage (Table 7). 
There were three pigments separated on the thin layer chromatogram 
of freeze-dried compressed samples stored at 100 F for 4 months (Figure 14). 
The quantities of pigments A, B and E decreased from 2. 14, 0. 76 and O. 80 mg 
percent to 1. 47, O. 40 and 0. 39 mg percent, respectively. Pigments C, D, F 
and G were not present after 4 months at 100 F. 
Thin layer chromatography of the extract of freeze-dried compressed 
samples at 100 F for 6 months yielded three pigment spots A, B and E (Figure 
15). Their amount showed further decreases to the respective lowest value of 
the whole storage stability study. 
49 
The study of thin layer chromatograms indicated that all seven pig-
ments of freeze-dried compressed sour cherries were subjected to degradation 
whe n the storage ti me and temperature increased. Each pigment from samples 
stored at 100 F showed a greate r rate of decrease than those in samples stored 
at 70 F. Moreover, pigment F was the least stable pigment followed by pig-
ments D, G, C, A, E and B, r e specti vely . 
Disc gel electrophoresis of anthocyanins 
The explorative application of disc gel electrophoresis on the separa-
tion of anthocyanin pigments obtained from the fresh and freeze-dried sour 
cherries were carried out . After the electrophore t ic runs, the gel columns 
were scanned with an EC910 densitometer (E-C Apparatus Corp., St. Peters-
burg, Florida) with a recorder. Each band gives a peak in the chart and the 
height of the peak is proportional to the density of the color of the band. 
The typical electropherograms of fresh and freeze-dried sour cherries 
on polyacrylamide gel columns are shown in Figures 16 to 18. Triplicate runs 
of disc gel electrophoresis for each sample were carried out. 
The pigment extract of fresh sample was separated into three major 
bands: No. 1, 3 and 6, and five minor bands: No. 2, 4, 5, 7 and 8 (Figure 16). 
The major bands, No. 1 (yellow brown color), No. 3 (red color), and No. 6 
(dark red color) were located at 18, 24 and 27 mm from the origin. The minor 
band, No. 2, was purple in color, No. 4 and 5 were pink in color, No. 7 was 
orange in color and No. 8 was yellow in color. All peaks in the electropherogram 
1. yellow brown 
2. purple 
3. dark red 
4. pink 
5. pink 
6. dark red 
7. orange 
8. yellow 
A 
B 
+ 
f-±T=trn»2~;11::f I I l1 ;ll\tEf] ~ l>))))IJ ll~ jliIIt] 
1 2 3 4 5 6 7 8 1 234 5 67 8 
Figure 16. Electropherograms from (A) fresh sour cherries and (B) freeze-dried compressed sour cherries 
stored for O month. 
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Figure 17. Electropherograms from freeze-dried compressed sour cherries stored at 70 F for (A) 2 months, 
(B) 4 months and (C) 6 months. 1. purple 2. pink 3. red 4. brown 
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Figure 18. Electropherograms from freeze-dried compressed sour cherries stored at 100 F for (A) 2 months, 
(B) 4 months and (C) 6 months. 1. purple 2. red 3. brown CTI !:-:> 
of freeze-dried zero time samples corresponded well to those of the fresh 
samples (Figure 16). However, the density of each band was less than the 
fresh sample. 
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Freeze-dried samples stored at 70 F for 2, 4 and 6 months were 
separated into one major band : No. 3 (red color ) and three minor bands: No. 1, 
2 and 4 (Figure 17). In the samples stored for 2 and 4 months, the major band, 
No. 3, was located at 26 mm while the minor band, No. 1 (purple color), No. 2 
(pink color) and No. 4 (brown color) were located at 24 . 5, 25. 5 and 27. 5 mm, 
respectively. However, the heights of the peaks of the samples stored for 4 
months were lower than those stored for 2 months. In freeze-dried samples 
stored at 70 F for 6 months, the major band, No. 3 (red color) and the minor 
bands, No. 1 (purple color), No. 2 (pink color) and No. 4 (brown color) were 
located at 25, 26, 27 and 28. 5 mm from the origin. 
Electrophoresis of the freeze-dried samples stored at 100 F for 2, 4 
and 6 months resulted in one major band: No. 2 (red color) and two minor 
bands: No. 1 and 3 (Figure 18). Freeze-dried samples stored at 100 F for 
2 months had higher peaks (higher density of color) than those stored for 4 and 
6 months. Similarly, samples stored for 4 months had higher peaks than the 
same samples stored for 6 months. 
The discrepancy between the number of component of anthocyanins 
separated by thin layer chromatography and by disc gel electrophoresis was 
noticed. For samples stored at 70 F for 2 and 4 months, their electrophero-
grams showed two and one less components than the number of components 
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obtained by thin layer chromatography. One less component was present in the 
electropherogram of the sample stored at 100 F for 2 months as compared with 
the number of components shown in its thin layer chromatogram. One extra 
component in the electropherogram of anthocyanin extract of fresh as well as 
freeze-dried sample prior to storage was noticed when it was compared with 
the respective thin layer chromatogram. 
It is possible that some of the components were not separated into single 
band on the gel column as can be seen from the overlapping peaks on the 
electropherogram. Moreover, the single peak may consist of multicomponent. 
The prolonged contact of anthocyanin extracts with the high pH buffer may have 
caused changes in some of the component to become colorless product. The 
separated colored bands on the gel column were located rather close to each 
other, coupled with the micro quantity of sample applied for this technique, it 
is impractical to slice, elute and identify each gel section at this time. Further 
studies are needed to improve the separation of anthocyanins on the polyacryla-
mide gel column and the identification techniques by disc gel electrophoresis. 
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SUMMARY AND CONCLUSIONS 
Anthocyanin pigments of fresh and freeze-dried compressed sour 
cherry (Prunus cerasus L. , cultivar Montmorency) were studied by employing 
techniques of spectrophotometry, paper and two-dimensional thin layer 
chromatography and disc gel electrophoresis. The sour cherries were freeze-
dehydrated, vacuum sealed, packaged and stored at 70 F and 100 F for 6 months. 
The retention of anthocyanin pigments in the stored samples were determined 
every 2 months. 
The total anthocyanin content of the fresh samples was higher than 
that of the freeze-dried compressed samples. However, freeze-dried com-
pressed samples stored at 70 F had better anthocyanin retention than the same 
samples stored at 100 F. Therefore, the retention of anthocyanins decreased 
as the temperature and storage period increased. 
The anthocyanin extracts of fresh sour cherries were separated into 
seven components by paper chromatography, using BFW and 1 percent HCl as 
the solvent systems. The anthocyanin pigments were identified by their Rf 
values and spectral properties as cyanidin-3-glucoside, isomer of cyanidin-3-
glucoside, cyanidin-3-sophoroside, cyanidin-3- (2G-glucosylrutinoside), 
cyanidin-3-(2G-xylosylrutinoside) and 3-rutinosides of cyanidin and peonidin. 
Each of the anthocyanin extracts from fresh and freeze-dried compressed sour 
cherries stored at O month were separated into seven constituting pigments by 
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two-dimensional thin layer chromatography whereas those of freeze-dried com-
pressed samples stored at 70 F and 100 F for 6 months resulted in retention 
of three to six components. After 6 months storage, there were no peonidin-
3-rutinoside, cyanidin-3-(2G-xylosylrutinoside) and cyanidin-3-(2G-glucosyl-
rutinoside) in 70 F samples whereas 100 F samples stored for 6 months had no 
cyanidin-3-rutin oside, peonidin - 3-rutinoside, cyanidin-3-(2G-xy losy lrutinoside) 
and cyanidin-3- (2G-g lucosy lrutinoside). 
Paper and thin layer chromatograms of fresh samples showed equal 
numbers of anthocyanin pigments. However, pigment A in the thin layer 
chromatogram is cyanidin whereas pigment A1 in the paper chromatogram is an 
isomer of cyanidin-3-glucoside. 
All seven pigments of freeze-dried compressed samples were unstable 
after storage at 70 F and 100 F for 6 months. The rate of stability in each pig-
ment was different. A cyanidin-3-(2G-xylosylrutinoside) was the most unstable 
pigment followed by peonidin-3-rutinoside, cyanidin-3- (2G-glucosy lrutinoside), 
cyanidin-3-rutinoside, cyanidin, cyanidin-3-sophoroside and cyanidin-3-
glucoside, respectively. 
Typical electropherograms of fresh and freeze-dried compressed sour 
cherries on polyacrylamide gel columns were obtained. A total of eight peaks 
were observed in the electropherogram of the fresh and freeze-dried compressed 
samples stored for O month, whereas those freeze-dried compressed samples 
sto red at 70 F and 100 F for 6 months resulted of loss of three to four peaks. 
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Disc gel electrophoresis was used to separate sour cherry anthocyanins 
for the first time. Typical electropherograms of anthocyanins from fresh and 
freeze-dried compressed sour cherries after storage were obtained with the aid 
of a densitometer. However, there are several problems yet to be solved. 
Polymerization of the gel used in this study needs to be improved so that it 
would solidify in a shorter tim e . The evaluation of the separated pigment band 
on the gel column is usually done by the densitometer. Since no fixing methods 
are known to stop the diffusion of separated anthocyanin pigments on the gel 
column after electrophoresis, the use of densitometer must be carried out 
immediately after the gels are removed from the buffer tank. Development of 
a method to fix the anthocyanin on gel column for data storage and later com-
parison is highly desirable. Future works are needed to improve the separation 
of anthocyanins on the polyacrylamide gel column and the identification tech-
niques by disc gel electrophoresis. Besides, disc gel electrophoresis could be 
a useful tool for further studies of anthocyanins in fruits other than sour 
cherries. 
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APPENDIX 
Table 8. Analysis of variance for anthocyanin contents of fresh and freeze-
dried compressed sour cherries, 0 month storage 
Source df 
Treatments 1 
Error 8 
Total 9 
LSD: O. 1158 at O. 05 level 
O. 1684 at O. 01 level 
SS 
36.8640 
0.0504 
36.9144 
*Significant at 5 percent level. 
**Significant at 1 percent level. 
MS F 
36.8640 5851. 4285** 
0.0063 
4.1016 651. 9476** 
Table 9. Analysis of variance for anthocyanin contents of freeze-dried com-
pressed sour cherries storage at 70 F and 100 F for 6 months 
Source df SS MS F 
Subgroups 7 314.0800 44.8686 
Temperatures (A) 1 60. 5160 60.5160 2725.9459** 
Months (B) 3 230.2460 76.7487 3457.1486** 
AXB 3 23.3180 7.7727 350.1216** 
Error 32 o. 7102 0.0222 
Total 39 314.7902 8. 0715 363.5811** 
66 
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LSD: O. 1926 at O. 05 level 
0. 2590 at 0. 01 level 
*Significant at 5 percent level. 
**Significant at 1 percent level. 
Table 10. The standard deviations (S) and coefficient of variations (CV) for Rf values of sour cherry antho-
cyanins from paper chromatography 
Pigments 
Solvent Aa B c D E F G 
systems s1 cv 1 s2 cv2 s3 cv3 s4 cv4 s5 cv5 s6 cv 6 s7 cv 7 
1. BAW 1. 00 2.56 0.79 2.07 1. 00 2.94 1.18 3.37 0.89 2. 78 0.54 2.00 0.85 3.26 
2. 1% HCl 0.20 4.00 0.10 2.00 0.30 1. 88 0.87 1. 82 0.46 0.75 0.20 0.29 0.30 0.50 
3. HOAc-HCl 1.10 4.23 0.30 0.38 0.89 2.17 0.17 0.91 1.11 3.28 0.26 0.55 0.80 1. 08 
4. 15% HOAc 0.85 2.03 0.72 2.06 0.87 1.45 0.72 1.11 0.96 1. 37 0.35 0.47 0.53 0.69 
aA. Isomer of B. 
B. Cyanidin-3-glucoside 
c. Cyanidin-3-rutinoside 
D. Peonidin-3-rutinoside 
E. Cyanidin-3-sophoroside. 
F. Cyanidin-3- (2G-xy losy lrutinoside). 
G. Cyanidin-3- (2G-glucosy lrutinoside). 
Table 11. The standard deviations (S) and coefficient of variations (CV) for spectral data of sour cherry antho-
cyanins in O. 01 percent methanolic HCl 
A 
max ~nm~ 
OD 440/0D max (%) 
Pigments a N range x1 s1 cv1 (%) range x2 82 cv2 (%) 
Al Isomer of B 3 527-529 528 1. 00 0.19 31. 6-32. 3 32 0.36 1. 12 
B Cn-3G 3 526-·531 529 2.65 0.50 31. 6-32. 0 32 0.40 1. 25 
c Cn-3RG 3 524-527 525 1. 73 0.33 22.4-23.6 23 0.60 2.61 
D Pn-3RG 3 522-527 524 2.65 0.51 25.6-26.3 26 0.36 1. 38 
E Cn-3GG 3 521-530 526 4.58 0.87 27.6-28.4 28 0,51 1. 82 
Xyl 
F Cn-3o( 3 521-529 525 4.00 0.76 26.8-27.1 27 0.17 0.63 
R 
G 
G Cn-3°\ 3 519-526 523 3.60 0.69 28.7-29.5 29 0.44 1. 51 
aNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, Xyl = xylose. 
O') 
00 
Table 12. The standard deviations (8) and coefficient of variations (CV) for R: values and spec tr al datab of fresh 
sour cherry anthocyanins 
Rf values (XlOO) Spectral data 
,:x OD 440/0Dmax (%) BHClW WHClF max {nm~ 
Pigmentsc x1 81 cv 1 x2 82 cv2 x3 83 cv3 x4 84 cv4 
A Cn 50 0.46 0.92 4 0.36 4.35 535 0.87 0.16 20 0.26 1.30 
B Cn-3G 26 0.50 1. 92 13 0.23 1. 76 
c Cn-3RG 39 0.44 1.12 31 0.44 1. 43 
D Pn-3RG 42 0.36 0.86 37 0.29 o. 78 524 0.50 0.10 26 0.30 1.15 
E Cn-3GG 39 0.50 1. 28 61 0.20 0.33 
Xyl 
F Cn-3G 44 0.57 1.31 75 0.26 0.34 
R 
G 
G Cn-3G 49 0.53 1. 08 83 0.26 0.31 
R 
~f values of two-dimensional thin layer chromatography. 
bo. 01 percent methanolic HCl. 
cNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, Xyl = xylose. 
~ 
c.o 
Table 13. The standard deviations (S) and coefficient of variations (CV) for 
Rf values of anthocyanins of freeze-dried compressed sour 
cherries (0 month storage) separated on two-dimensional thin 
layer chromatography 
Rf values (xlOO) 
BHClW WHClF 
Pigments a x1 s1 CV 1 (%) x2 s2 cv2 (%) 
A Cn 50 0.20 0.40 3 0.20 6.67 
B Cn-3G 24 0.36 1. 50 12 0.29 2.42 
c Cn-3RG 33 0.50 1. 51 29 0.26 0.90 
D Pn-3RG 35 0.46 1. 31 34 0.30 0.88 
E Cn-3GG 35 0.23 0.66 59 0.87 1. 47 
xyl 
F Cn-3G< 40 0.26 0.65 74 0.57 0.77 
R 
G 
G Cn-3a( 41 0.57 1. 39 83 0.67 0.81 
R 
aNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, 
Xyl = xylose. 
Table 14. The standard deviations (S) and coefficient of var i ations (CV) for R: values of anthoc yanins of freeze-
dried compressed sour cherries after storage at 70 F for 6 months 
Rf values (XlOO) 
BHClW WHClF 
2 4 6 2 4 6 
--
Pi b 
{months {months} 
gments s1 cv 1 82 cv2 83 cv3 s4 cv4 85 CV 86 cv6 5 
A Cn 0.85 1. 63 0.90 1. 70 0.72 1. 33 0.20 10.00 0.10 2. 50 0.21 7.00 
B Cn-3G 0.20 0.77 0.60 2.22 0.1 7 0.63 0 . 20 1. 67 0 . 31 2.58 0.17 1. 55 
c Cn-3RG 0.46 1. 35 0.59 1. 79 0.17 0.53 0.53 1. 96 0.67 2.58 0.44 1. 69 
D Pn-3RG 0.17 0.47 - - - - 0.54 1. 69 
E Cn-3GG 0.30 0.83 0.77 2.03 0.36 1.13 0.87 1. 45 0.53 0. 95 0.51 0.86 
Xyl 
F Cn-3o< 
R 
G 
G Cn-3a( 0.79 1.72 0.85 1. 93 - - o. 72 0.88 0.72 0.87 
R 
a 
Rf values of two-dimensional thin layer chromatography. 
bNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, Xyl = xylose. -.J I-' 
a 
Table 15. The standard deviations (S) and coefficient of variations (CV) for Rf values of freeze-dried com-
pressed sour cherry anthocyanins after storage at 100 F for 6 months 
Rf values (XlOO) 
BHClW WHClF 
2 4 6 2 4 6 
Pigmentsb 
(months) (months) 
s1 cv1 s2 cv2 s3 cv3 s4 cv4 85 C\' s6 cv6 5 
A Cn 0.55 1. 06 0.45 0.87 0.31 0.60 0.11 3.67 0.02 0. 67 0.01 0.33 
B Cn-3G 0.30 1.30 0.23 0.85 0.09 0.38 0.14 1.17 0.03 0.'25 0.05 0.42 
c Cn-3RG 0.24 0.75 - - - - 0.19 0.73 
D Pn-3RG 
E Cn-3GG 0.26 0.70 0.35 0.97 0.11 0.41 0.55 0.90 0.19 o .. 31 0.43 o. 72 
Xyl 
F Cn-3a( 
R 
G 
G Cn-3G< 
R 
aRf values of two-dimensional thin layer chromatography. 
bNotation: Cn = cyanidin, Pn = peonidin, G = glucose, R = rhamnose, Xyl = xylose. -::i ~ 
Table 16. Analysis of variance for the pigments A, B and E of freeze-dried compressed sour cherries 
Source 
Subgroups 
Temperatures (A) 
Months(B) 
AXB 
Error 
Total 
LSD: at O. 05 level 
at 0. 01 level 
df 
7 
1 
3 
3 
32 
39 
A 
1. 7503 
1. 0890 
0.3305 
3.3905 
0.0008 
0.3148 
0.0367 
0.0493 
*Significant at 5 percent level. 
**Significant at 1 percent level. 
Mean sguares 
B 
1. 2486 
3.4810 
0.4775 
1. 2755 
0.0015 
0.2253 
0.0789 
0.1061 
E 
0.6042 
2.4502 
0.2424 
0.3508 
0.0004 
o. 1088 
0.0259 
0.0348 
F values 
A B E 
1361. 2500** 2320.6666* * 6125.5000** 
413. 1250* * 318.3333** 606.0000** 
4238.1250** 850.3333** 877.0000** 
393.5000** 150.2000** 272.0000** 
-.::i 
~ 
Table 17. Analysis of variance for the pigments A, B, C and D of fresh and freeze-dried compressed sour 
cherries, 0 month storage 
Mean squares 
Source elf A B c D A 
Treatment 1 1. 4430 0.8330 0.4000 0.2102 848.8235 ** 
Error 8 0.0017 0.0012 0.0004 0.0003 
Total 9 o. 1618 0.0936 0.0448 0.0236 95.1765 ** 
LSD 0. 0265 0. 0807 0. 0293 0. 0254 at 0. 05 level 
0.0436 0.1174 0.0426 0.0369 at 0.01 level 
*Significant at 5 percent level. 
**Significant at 1 percent level. 
F values 
B c D 
694.1667** 1000.0000** 700.6667** 
78.0000 ** 112 . 0000* * 78.6667** 
-;J 
~ 
Table 18. Analysis of variance for the pigments E, F and G of fresh and freeze-dried compressed sour cherries, 
O month storage 
Source df 
Treatment 1 
Error 8 
Total 9 
LSD: at 0. 05 level 
at O. 01 level 
Mean s.9E_ares 
E F G 
o. 8123 1. 5602 1. 8923 
0.0004 
0.0906 
0.0293 
0.0426 
0.0004 
0.1737 
0.0293 
0.0426 
0.0004 
0.2106 
0.0293 
0.0426 
*Significant at 5 percent level. 
**Significant at 1 percent level. 
F values 
E F G 
2030.7500** 3900.5000** 4730.7500** 
226.5000** 434.2500** 562.5000** 
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